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MULTIPLE COMPONENTS 



BACKGROUND OF THE INVENTION 
1. Field of the Invention 
5 [0001] The present invention relates generally to resource management such as power 
management for computer systems. More specifically, systems and methods for delay in 
startup of multiple components such multiple disk drives in computer systems to stagger 
associated spikes in resource usage during the initial startup of each component are 
disclosed. 

10 2. Description of Related Art 

[0002] At startup of electronic devices, i.e., any apparatus that draws electrical 
power, there is typically a spike in the amount of power drawn by the electronic device. 
Multiple electronic devices often share a power source that has sufficient resources to 
support the multiple electronic devices during normal operation. However, when many 

15 or all of the multiple electronic devices sharing the single power source all start up at the 
same time, the power source may not be sufficient to support the cumulative spike in the 
amount of power drawn by the electronic devices during startup, which may lead to 
failure of the electronic device to startup or even damage to the electronic device. 
[0003] As an example, when a hard disk drive is first powered up, the hard disk drive 

20 begins spinning its spindle assembly. The spike in the power drain at startup is generally 
much higher than at steady state during normal operation and the amount of power drain 
at startup typically tapers off quickly after the initial startup as the spindle assembly 
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reaches its operational spin speed. For example, a disk drive may take 5 to 10 seconds 
during startup to achieve its operational spin speed. In large computer systems 
employing multiple disk drives, all the disk drives simultaneously attempt to startup at 
the same time and thus all begin to consume power when the computer system is first 
5 powered up. Such simultaneous startup of the disk drives causes a cumulatively large 
spike in the power demand of the computer system that corresponds to the number of 
disk drives. As the power supply is typically not designed to support the large initial 
spike in the power demand by every component of the system, including the multiple 
disk drives, many of the disk drives may fail to startup in the initial power up. The disk 
10 drive is typically hard coded to attempt to startup again several times, e.g., 3 times as may 
be predetermined and hard coded by the disk drive manufacturer, before the disk drive 
stops attempting to startup. 

[0004] Thus, it would be desirable to provide systems and methods for improved 
resource distribution and management during an initial startup of multiple components 
15 such as power distribution and management of a computer system with multiple disk 

drives. Ideally, the initial spike in the power demand of the multiple electronic devices is 
managed so as to minimize startup failures in the electronic devices. 

SUMMARY OF THE INVENTION 
[0005] Systems and methods for delay in startup of multiple components such 
20 multiple disk drives in computer systems to stagger associated spikes in resource usage 
during the initial startup of each component are disclosed. It should be appreciated that 
the present invention can be implemented in numerous ways, including as a process, an 
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apparatus, a system, a device, a method, or a computer readable medium such as a 
computer readable storage medium or a computer network wherein program instructions 
are sent over optical or electronic communication lines. Several inventive embodiments 
of the present invention are described below. 
5 [0006] The systems and methods for delay in component startup may be applied to 
computer systems with multiple disk drives as well as in various other applications. For 
example, in a residential application, various electronic devices such as televisions, 
lights, refrigerators, washers, dryers, etc. typically share a single power source, e.g., a 
power generator. While the power generator may provide sufficient power to operate all 

10 the electronic device during normal operation, if the electronic devices are all started or 
turned on simultaneously, the cumulative power spike will generally cause the power 
generator to fail and turn itself off for protection. Thus, the systems and methods for 
delay in electronic component startup would facilitate in at least somewhat staggering the 
startup of the various electronic devices so that the power generator would not shut down 

1 5 due to excess power spike. 

[0007] A delay module generally includes a signal quality detector to detect a power 
signal quality between a power supply line and a system component, a delay generator to 
generate a delay in response to detecting an insufficient signal quality and to cause the 
signal quality detector to again detect the signal quality upon expiration of the random 

20 delay, and a switch that opens upon detecting insufficient signal quality and/or closes 

upon detecting sufficient signal quality. The delay generator may perform an iteration of 
the delay generation each successive time the signal quality detector detects insufficient 
signal quality, the delay may be randomly generated, for example, between 0 and 2 n _, T 
where n is an iteration number and T is a period from which a delay is selected on a first 

Attorney Docket No. GOOGP025 3 PATENT 



iteration of generating the delay. The signal quality detector may detect the insufficient 
or out of bounds signal quality by comparing the signal quality on the power supply line 
to a threshold signal quality and/or by detecting stability of the signal quality over a 
predetermined period of time such as by comparing a current signal quality with a 
5 delayed signal quality. A timer may be provided to await the delay and to cause the 
signal quality detector to again detect the signal quality upon expiration of the delay. 
[0008] One or more delay modules may be incorporated into a system. In particular, 
the system may generally include a power supply line, a plurality of the delay modules, 
and a plurality of the system components such as disk drives, each coupled to the power 

10 supply line via a corresponding random delay module. 

[0009] A power management apparatus may generally include a signal quality 
detecting means for detecting signal quality on a power supply line, a delay generating 
means for generating a delay in response to the signal quality detecting means detecting 
insufficient signal quality, the signal quality detecting means again detecting the signal 

15 quality on the power supply line upon expiration of the delay generated by the delay 
generating means, and a switching means for selectively disconnecting from the power 
supply line upon the detecting of insufficient signal quality and/or connecting to the 
power supply line upon the detecting of sufficient signal quality. 
[0010] A method for power management may generally include detecting a signal 

20 quality between a power supply line and a power-utilizing component, generating a delay 
in response to detecting an insufficient signal quality, the detecting being repeated upon 
expiration of the delay, and switching to disconnect the power-utilizing component from 
the power supply line upon the detecting of insufficient signal quality and/or connect the 
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power supply line to the power-utilizing component upon the detecting of sufficient 
signal quality. 

[0011] These and other features and advantages of the present invention will be 
presented in more detail in the following detailed description and the accompanying 
5 figures which illustrate by way of example principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] The present invention will be readily understood by the following detailed 
description in conjunction with the accompanying drawings, wherein like reference 
numerals designate like structural elements. 

[0013] FIG. 1 is a block diagram of multiple disk drives of a computer system with 
random delay in startup. 

[0014] FIG. 2 is an graph of an exemplary resource drain of a component device over 
time illustrating the spike in the resource during startup. 

[0015] FIG. 3 is a block diagram illustrating the random delay module of FIG. 1 in 
more detail. 

[0016] FIG. 4 is a flowchart illustrating a process for delay of a computer system 
with multiple disk drives. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 
[0017] Systems and methods for delay in startup of multiple components such 
20 multiple disk drives in computer systems to stagger associated spikes in resource usage 
during the initial startup of each component are disclosed. The following description is 



10 



15 



Attorney Docket No. GOOGP025 



PATENT 



presented to enable any person skilled in the art to make and use the invention. 
Descriptions of specific embodiments and applications are provided only as examples 
and various modifications will be readily apparent to those skilled in the art. The general 
principles defined herein may be applied to other embodiments and applications without 
5 departing from the spirit and scope of the invention. Thus, the present invention is to be 
accorded the widest scope encompassing numerous alternatives, modifications and 
equivalents consistent with the principles and features disclosed herein. For purpose of 
clarity, details relating to technical material that is known in the technical fields related to 
the invention have not been described in detail so as not to unnecessarily obscure the 

10 present invention. 

[0018] FIG. 1 is a block diagram of a computer system 100 with multiple disk drives 
102 employing random delay modules 104 to apply random delays in disk drive startup. 
Various other components of the computer system 100, such as display, motherboard, 
etc., are not shown for purposes of clarity. Although the random delay modules 104 may 

15 be similarly utilized with such other components, hard disk drives are particularly suited 
for random delays in startup as hard disk drives are generally not startup sensitive in that 
delaying their startup does not substantially affect the startup of the computer system 100. 
Furthermore, although the delay module 104 may generate a random delay, a fixed delay 
may be assigned to each delay module. For example, each delay module may be 

20 assigned a different delay so as to facilitate in achieving a staggering of the startup of the 
multiple components when the power supply may be insufficient to support the 
simultaneous startup of all the multiple components. 

[0019] The power source or supply 120 may be, for example, a 220V power source 
that supplies power to the in-line disk drives 102 via a power supply line 122. The 
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random delay module 104 is coupled between the power supply line 122 and a 
corresponding disk drive 102, e.g., via a 4-port power connector of the disk drive 102, to 
apply a random delay in the startup of the corresponding disk drive 102. For example, 
the random delay module 104 may automatically apply a random delay in the startup of 
5 the corresponding disk drive or, alternatively, may test signal quality on the power supply 
line 122 to determine whether to apply a random delay in startup of the corresponding 
disk drive. 

[0020] In particular, as the computer system 100 is first powered up, there is typically 
a spike in the amount of power drawn or attempted to be drawn from the power supply 

10 120 via the power supply line 122 by the disk drive 102 as its motor begins spinning its 
spindle assembly. The spike in the power drain is generally much greater than the power 
drain during steady state operation and the initial spike in the power drain generally 
tapers off to the steady state level relatively soon after the initial startup as the spindle 
assembly approaches or reaches its operational spin speed as shown in the resource drain 

15 over time plot of FIG, 2. As an example, a Maxtor 540X hard disk drive uses 

approximately 23. 7W during the initial spin up and approximately 5.2W during normal 
operation. Each disk drive may draw a current of approximately 1.5 to 3 amps when the 
disk drive first performs the spin up operation. The disk drive 102 may take 5 to 10 
seconds during startup to achieve its operational spin speed. In a computer system 100 

20 employing multiple disk drives, if all the disk drives simultaneously attempt to startup at 
the same time when the computer system is first powered up, the simultaneous attempts 
to start by all the disk drives 102 cause a large cumulative spike in the power demand 
proportional to the number of disk drives trying to simultaneously start. 
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[0021] The power supplies of conventional computer systems are typically 
dimensioned to take into account the cumulative spike in the amount of power being 
simultaneously drawn by all the electronic components, including the multiple hard disk 
drives, at startup. However, although such large power supplies are needed during the 
5 initial startup, only smaller power supplies are needed during normal operation. A larger 
power supply not only more expensive but is also less efficient than the smaller power 
supply during normal operation when less power is needed. Thus, the random delay 
modules 104 are employed to apply a random delay in the startup of the corresponding 
disk drive 102 in order to stagger the initial power load spike of the multiple disk drives 

10 102 and thus allow the provision of a smaller power supply 120. 

[0022] In one embodiment, each random delay module 104 determines whether the 
power signal quality on its line is within or out of bounds, i.e., sufficient or insufficient. 
For example, if the electronic device expects a correct line voltage of 12 V, the random 
delay module 104 may allow for slight deviation from a predetermined threshold signal 

15 quality, i.e., a threshold line voltage value, e.g., 12V ± 0.2V. If the random delay module 
104 determines that the power signal quality is out of bounds, the random delay module 
104 applies a random delay in the startup of the corresponding disk drive 102. 
[0023] It is noted that after the power supply 120 is first powered up, the power 
signal supplied by the power supply 120 is often noisy for the first few milliseconds and 

20 as such, the random delay module 104 may be configured to be less sensitive to the input 
power signal during the initial noisy time period and/or may delay detecting the input 
power signal for approximately the initial noisy time period immediately after power up. 
As an example, the random delay module 104 may check the power signal quality after 
the power signals are passed through a delay circuit. 
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[0024] Alternatively or additionally to comparing the signal quality to a threshold 
level, the random delay module 104 may be configured to determine whether the power 
signal is stable or unstable during a predetermined period of time such as 0.5 sec. To 
detect for a stable signal over a period of time, a comparison between the current or non- 
5 delayed signal with the delayed signal can be made. The delayed signal may be the 
output from the delay circuit as noted above. Thus the delay circuit facilitates in 
accounting for the noise associated with the initial powering up of the power supply 120 
as well as in determining whether the power signal is stable over a period of time and 
thus in determining whether to apply a random delay. 
10 [0025] Although four disk drives 102a, 102b, 102c, 102d are shown corresponding to 
four random delay modules 104a, 104b, 104c, 104d, various other configurations of 
computer systems 100 employing more or fewer disk drives 102 and random delay 
modules 104 may be implemented. 

[0026] FIG. 3 is a block diagram illustrating in more detail one exemplary 
15 configuration of the random delay module 104. In particular, the random delay module 
104 may generally include a signal quality detector 106, a random delay generator 108, a 
timer 1 10, and a switch 112. The switch 1 12 may by default be on or closed and is 
turned off or opened by the signal quality detector 106. In particular, when the signal 
quality detector 106 opens the switch 1 12, the corresponding disk drive 102 is 
20 disconnected from the power supply line 122 and is thus removed from being one of the 
power consumers on the power supply line 122. The signal quality detector 106 detects 
the quality of the signal on the power supply line 122. As an example, the signal quality 
detector 106 may compare the signal quality to a predetermined threshold, e.g., 12V ± 
0.2V on a 12V power supply line 122. The signal quality threshold is typically 
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determined based on the minimum amount of power required by the disk drive during the 
initial spin up or startup. As another example, the signal quality detector 106 may detect 
the stability or instability of the power signal over a predetermined period of time. In one 
example, the signal quality detector 106 may employ logical gates to detect the quality of 
5 the signal on the corresponding point along the power supply line 122 to generate a 

logical output, e.g., 0 or 1, as to whether the signal quality is sufficient or insufficient. If 
the signal quality is sufficient, i.e., at or above a signal quality threshold, the switch 1 12 
remains closed or is closed to provide power to the corresponding disk drive 102. 
Alternatively, if the signal quality is insufficient, the switch 1 12 is opened or switched off 

10 and the timer 1 10 may cause the switch 1 12 to remain open for a back off or delay period 
as determined by the random delay generator 108. When the timer counts down the back 
off or delay period to 0, the process begins again in which the switch 1 12 is switched to 
the default on position and the signal quality detector 106 again detects the signal quality 
on the power supply line 122 to determine whether to once again open or switch the 

15 switch 1 12 to the off position. 

[0027] As noted, rather than comparing the quality of the power signal against a 
signal quality threshold, the signal quality detector 106 may instead determine if the 
quality of the power signal is stable or unstable during a predetermined period of time, 
e.g., 0.5 seconds. As shown in FIG. 3, the random delay module 104 may include a 

20 delay circuit 105 such that the signal quality detector 106 may compare a current, non- 
delay power signal with a delayed power signal output by the delay circuit 105. 
[0028] The process of detecting insufficient signal quality and generating a random 
delay is repeated for a number of iterations until the signal quality detector 106 detects 
sufficient signal quality at a corresponding point along the power supply line 122 and the 
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switch 112 closes to provide power from the power supply line 122 to the corresponding 
disk drive 102. The random delay generator 108 may generate a random time period 
between 0 and T, the maximum amount of back off or delay for the first iteration, i.e., the 
back off time period from which a random number is selected or generated for the first 
5 iteration. As one example, the period of time T for the first iteration may be selected 
depending on the configuration of the various disk drives and/or the overall computer 
system, including the power supply. For example, the maximum amount of delay T for 
the first iteration may be related to the amount of time for each disk drive to reach its 
operational spin speed, e.g., 5 to 10 seconds. 

10 [0029] After the random delay period for the particular iteration has expired, the 
switch 1 12 closes and the signal quality detector 106 again detects the quality of the 
power signal at the corresponding point along the power line 122. If the signal quality 
detector 106 again detects insufficient power signal quality, the switch 1 12 is opened and 
the random delay generator 108 generates a random number, e.g., between 0 and 2T on 

15 the second iteration, 0 and 4T on the third iteration, etc., doubling the maximum amount 
of delay for each iteration. In other words, the maximum random delay can be increased 
exponentially for each successive iteration such that the maximum random delay is equal 
to 2 n "'T where n is the iteration number and T is a predetermined maximum delay for the 
first iteration. It is to be understood that various methods for determining the time period 

20 from which a random number is generated for each iteration may be employed. 

Generally, increasing the time period from which a random number is generated for each 
successive iteration facilitates in minimizing successive conflicts for the resource, e.g., 
power, being managed and thus may result in better resource management. In the above- 
described example, the time period from which a random number is generated for each 
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iteration doubles for each iteration. However, the time period for generation of the 
random delay for each iteration may be determined using any of numerous suitable 
methodologies, e.g., nT, 2.5" "'T, 3 n ~ 1 T, 4 n l T, 5 n, T, fixed time period for each iteration, 
etc. In one embodiment, the back off time period from which a random number may be 
5 generated for each iteration is capped to a maximum value, e.g., 60 seconds or other time 
period depending on the application and the resource being managed, such that the back 
off time period does not become excessively large in a relatively short period of time. 
However, it is noted that where the back off time period is not capped, the circuitry may 
be simpler and thus less expensive. 

10 [0030] Any of various random number generators may be employed. In addition, 
other mechanisms for determining the maximum amount of delay for each iteration may 
be similarly employed. For example, the same maximum amount of delay T may be 
employed for each iteration. As another example, the maximum amount of delay for 
each iteration may be nT where n is the number of iterations. Note that once closed, the 

15 switch 1 12 remains closed until the next time the computer system is powered up after 
powering down. Furthermore, each switch 1 12 may be configured to be closed, i.e., on 
or in the on position, by default. 

[0031] Although the signal quality detector 106, random delay generator 108, and 
timer 1 10 are shown and described as separate and distinct components herein, any or all 
20 these elements may be combined into an integrated element. For example, the functions 
of the random delay generator 108 and the timer 1 10 may be integrated into a single 
random delay component. As another example, the functions of the signal quality 
detector 106 and the switch 1 12 may be integrated into a single signal quality switch 
component. 
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[0032] The random delay modules 104 are particularly suited for utilization in 
computer systems with multiple disk drives 102 due to the initial spike in the amount of 
power drawn by each disk drive 102. However, although the random delay modules 104 
are shown and described herein as being associated with hard disk drives 102, it is to be 
5 understood that the random delay modules 104 may similarly be employed with various 
other system components for power management purposes. Furthermore, the random 
delay module 104 may be similarly employed for various other resource management 
purposes such as for applying random delays in systems using a fluid (liquid and/or gas) 
as a resource, etc. 

10 [0033] FIG. 4 is a flowchart illustrating a process 150 for delayed startup of the 

multiple disk drives in a computer system. At decision block 152, the quality of the signal 
on the power line is determined. If the quality of the signal is sufficient, e.g., if the signal 
quality is at least a signal quality threshold or if the signal quality is stable over a 
predetermined period of time, then the switch is in the closed position at block 158. 

15 Alternatively, if the quality of the signal is insufficient, the switch is opened and a delay 
is generated at block 154. The delay may be fixed or in accordance with the number of 
iterations such as a random number within a range in accordance with the number of 
iterations. For example, the range may be between 0 and T for the first iteration, 0 and 
2T for the second iteration, 0 and 4T for the third iteration, 0 and 8T for the fourth 

20 iteration, etc. After a timer awaits the delay at block 156, the process 150 returns to 
decision block 152 to again determine whether the signal quality on the power line is 
sufficient. If the signal quality is again insufficient, a delay is generated at block 154 in a 
range corresponding to the second iteration. Blocks 152, 154, 156 are repeated for a 
number of iterations until the signal quality is determined to be sufficient at block 152. 
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Once the process 150 determines that the signal quality is sufficient at block 152, the 
switch remains closed at block 158 and the process 150 is complete. 
[0034] While the exemplary embodiments of the present invention are described and 
illustrated herein, it will be appreciated that they are merely illustrative and that 
5 modifications can be made to these embodiments without departing from the spirit and 
scope of the invention. Thus, the scope of the invention is intended to be defined only in 
terms of the following claims as may be amended, with each claim being expressly 
incorporated into this Description of Specific Embodiments as an embodiment of the 
invention. 
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